Previous researchers have found that 10-form Tai chi yields symptomatic benefit in patients with fibromyalgia (FM). The purpose of this study was to further investigate earlier findings and add a focus on functional mobility. We conducted a parallel-group randomized controlled trial FMmodified 8-form Yang-style Tai chi program compared to an education control. Participants met in small groups twice weekly for 90 min over 12 weeks. The primary endpoint was symptom reduction and improvement in self-report physical function, as measured by the Fibromyalgia Impact Questionnaire (FIQ), from baseline to 12 weeks. Secondary endpoints included pain severity and interference (Brief Pain Inventory (BPI), sleep (Pittsburg sleep Inventory), selfefficacy, and functional mobility. Of the 101 randomly assigned subjects (mean age 54 years, 93 % female), those in the Tai chi condition compared with the education condition demonstrated clinically and statistically significant improvements in FIQ scores (16.5 vs. 3.1, p00.0002), BPI pain severity (1.2 vs. 0.4, p00.0008), BPI pain interference (2.
Tai chi is a mind/body exercise that differs from conventional exercise programs that focus exclusively on physical fitness (e.g., aerobics training) in that the mind (psychological) and body (physical) are an integrated, unified whole. Tai chi combines slow, graceful, purposeful movements with controlled breathing and relaxation. As a form of ancient Chinese martial arts, Tai chi's mechanism of action is purported to appropriately distribute the body's vital energy, termed "qi." Tai chi can be easily modified to account for the central and peripheral dysfunctions associated with FM. The practice is progressive in intensity, timing, and type of physical and mental challenge [9] . Tai chi has gained popularity in the USA and has been demonstrated to be effective in elders or persons with painful musculoskeletal disorders including rheumatoid and osteoarthritis [10] [11] [12] .
Three Tai chi studies in FM have resulted in symptom or fitness improvement. The first was a positive "proof of concept" study, but it was limited by lack of a control group [13] . Another was limited by a sample size of six [14] . However, in an NIH funded trial, Wang (2010) reported a parallel group Tai chi RCT with significant improvements in FM symptoms but reported little objective data on functional mobility [15] .
The current study extends the previous studies in two important ways. First, we used an 8-form, rather than 10-form, Tai chi program specifically designed for people with FM. Second, we incorporated several objectively assessed functional mobility measures, which are conceptually relevant to Tai chi intervention. Functional mobility is important in FM, as emerging evidence documents poor balance compared to matched controls. Poor balance is associated with falls and disability [16] [17] [18] . We hypothesized that Tai chi would be more effective in improving primary outcome of FM symptoms and selfreported physical function, and secondary outcome measures of sleep quality and functional mobility than an attention/time matched, parallel educational control condition.
Methods

Design overview
We conducted a randomized controlled trial with two parallel arms: Tai chi and educational control. The study protocol was approved by the Institutional Review Board of the Oregon Research Institute, and written informed consent was obtained from all subjects. All measures were collected by research staff who were unaware of condition assignment.
Screening and randomization
Potential participants were recruited from the Eugene-Springfield, Oregon area. Inclusion criteria included adults 40 years of age or older, meeting the classification of FM per the 1990 ACR criteria [1] , and approval by a healthcare provider for participation. Individuals were excluded if they had practiced Tai chi within the past 6 months, had exercised >30 min three times weekly for past 3 months, could not independently ambulate without assistive devices, had BPI pain severity or interference scores less than 5, had planned elective surgery during study period, were actively involved in health-related litigation, or were unwilling to keep all treatments/medications steady throughout the study period. Potential participants were recruited through promotion flyers at local medical clinics and public places, newspaper advertisements, a FM support group, and referrals from the Oregon Pain Society, located in the catchment area. Interested individuals completed a multi-step recruitment process demonstrated to decrease attrition [19] . Participants were assigned to a Tai chi or education condition, using a computer-generated table of random numbers with block stratification using age in 5-year intervals.
Interventions
Tai chi intervention
The Tai chi intervention took place twice weekly for 12 weeks, with each session lasting 90 min. The intervention was based on simplification of an 8-form Yang style program [10] . Suggestions for modification by KJ and RB for FM specific issues were given to the Tai chi master in a single paragraph. These included minimization of (1) prolonged motionless standing, (2) lower squats, (3) overhead work (eccentric muscle contraction), (4) prolonged muscle contraction, (5) fast or repetitive movement, and (6) positions vulnerable to joint hypermobility. It further allowed adequate time for muscle to return to baseline resting state between movements, eliminated bright lights, loud noise, strong odors, and cold temperatures and provided close proximity to restrooms. These modifications were employed to accommodate central sensitization, muscle microtrauma, peripheral pain generation, tendonitis/bursitis/plantar fasciitis, fall risk, multiple chemical sensitivities, irritable bowel syndrome, and painful bladder symptoms [6] . A Tai chi master with over 30 years of practice and instruction experience taught all classes. She was easily able to modify the 8-form practice to accommodate for FM-specific issues. Earlier sessions focused on the general principle of Tai chi, training protocol of movements and exercise of slow, gentle, controlled/rhythmic movements, natural breathing, selfmassage, and relaxation. By the 4th week, participants practiced the exercises/relaxation for a full 90 min (15-min warm-up, 45 min of Tai chi training, 15-min break and 15min cool-down). The overall exercise integrated both static and dynamic postures with a progression of increasing time spent in most postures.
Education intervention
Parallel to the Tai chi condition in amount of attention and time, participants in this condition met in groups of 8-12 persons, 90 min twice weekly for 12 weeks. The group leaders and curriculum content were consistent throughout the intervention. Week 1 was for orientation; week 2 was a presentation by a physician on basic FM facts; weeks 3-7 included presentations by a registered dietician on healthy eating; weeks 8-11 were presentations by a counselor on psychoeducation about FM (education-based cognitive behavioral strategies including time management and prioritizing, coping strategies, dealing with family and friends, and dealing with employers or volunteer co-workers, sleep hygiene, and general lifestyle management).
The interventionists tracked the number of sessions attended and number of minutes participated in both groups. Participants in both conditions completed twice monthly questionnaires to determine if treatments had changed.
Outcomes
The primary endpoint was change on the Fibromyalgia Impact Questionnaire (FIQ) total score from baseline to post-intervention. The FIQ, a validated clinical measure, is a 21-item self-assessment of pain, fatigue, morning tiredness, stiffness, depression, anxiety, work ability, and physical function [20] . Scores range from 0 to 100 with higher scores indicating greater symptom burden and poorer physical function. A clinically significant change in the FIQ is 14 % [21] . The first ten FIQ items can be calculated to determine perceived physical function (FIQ-PF). The FIQ and FIQ-PF have been changed significantly in FM exercise studies [22] . Cronbach's alpha for the FIQ total score in this study was 0.92.
Pain was measured in FIQ numeric rating scale (NRS) for pain severity and has changed significantly in FM studies [8, 23, 24] . Minimally clinically significant improvement in pain severity on a NRS is 10-20 % [25] . Brief Pain Inventory (BPI) short form was also used to measure pain severity (sensory dimension) and interference (reactive dimension) [26] and has changed significantly in FM exercise RCTs [27] . Minimally clinically significant change severity is 2 points [28] and 1 point for intensity [25] . Cronbach's alpha for the BPI severity and interference score in this study were 0.26 and 0.92, respectively.
Sleep was evaluated with the Pittsburgh Sleep Quality Index (Global PSQI). Previous FM Tai chi RCTs have demonstrated improvement in PSQI [15] . Cronbach's alpha for the global PSQI in this study was 0.76. Self-efficacy was measured with the Arthritis Self-Efficacy Questionnaire which has improved significantly in FM exercise RCTs [29, 30] . Cronbach's alpha for the ASES pain/physical function and other symptoms in this study was 0.84, 0.91, and 0.71, respectively. Treatment expectations were assessed prior to randomization as participants were asked "How much do you expect your FM-related symptoms to improve as a result of participating in this program?"
Functional mobility was conceptualized to include static and dynamic balance, gait, strength (power and agility), flexibility, and aerobic capacity. Functional mobility was estimated with the 8-Foot Timed Get Up and Go (TUG) test [31] which has changed significantly in other FM exercise studies [29] and in Tai chi in the elderly [32] . Dynamic balance (limits of stability) was estimated with a maximum reach test. Subjects were asked to stand with feet together; arms extended forward and reach as far in front of them as possible while maintaining heels on the floor [33] . Static balance was estimated with a timed single leg stance (stork test) [34] . Static balance has been significantly improved with yoga and water exercise RCTs but not Tai chi in FM [8, 35] . Upper extremity flexibility was estimated by external and internal rotation of the shoulders by a hand to scapula movement as originally described by Mannerkorpi in FM subjects [36] and later by our team [29, 37] .
A self-report demographic and clinical questionnaire was used as was investigator measured body mass index which was derived from measures of height (in inches) and weight (in pounds; Detetco). Prescription medications were recorded and coded by class, but not dose.
Statistical analyses
The primary outcome was analyzed using a conditional change model that regressed the group indicator and the FIQ total change score, which had been centered on the pre FIQ summary score. These analyses employed an intent to treat approach. The advantage of the conditional change model over the more commonly used t test is that it produces less artifact of regression to the mean, controls for baseline differences and has more precise standard deviation of the estimate. It however has the same issues with baseline outliers [38] . Additional analyses were conducted similarly with a Bonferroni-Holm adjustment to address multiple comparisons [39] .
Results
Patient characteristics and study adherence
Between January 2006 and July 2008, we screened 537 patients. Figure 1 maps subject flow through the trial. Table 1 displays baseline characteristics of the study population. There were no statistically or clinically significant differences between conditions, including treatment expectations at baseline. Subjects were on average 54 (range 40.7-74.1)years of age. The majority of subjects were on two or more prescription medications for FM, most commonly an analgesic and an anti-depressant. The average time of reported FM symptoms was 18.4 years. Scores on symptom scales and fitness tests were similar between conditions with the FIQ total of 63.9 indicating moderate to severe FM symptoms and functional disability. The average pain NRS was 7 on a 0-10-scale. At least 20 of 24 classes were completed by 72 % of subjects of each intervention condition. There were no significant differences in attendance between control or intervention conditions (19.4 h versus 19.2, p0<0.59). Homework or home practice guided by Tai chi or education handouts was tracked by weekly log. Both groups recorded <40 min/week in home work or home practice (p0<0.72). All subjects completed post intervention assessments regardless of attendance rate. No adverse events were observed during the entire period of the intervention.
Between group changes post intervention Table 2 shows changes from baseline to 12 weeks for all outcomes in subjects in both conditions. At 12 weeks the Tai chi group had a clinically and significantly greater decrease in FIQ total score compared to the education group; −16.5 vs. Medication was not significantly different among either group at baseline or end of treatment.
Discussion
The primary finding from this trial is that Tai chi compared to the education condition improves symptoms, physical function, quality of sleep, self-efficacy, and functional mobility for people with FM. Importantly, there were no adverse events during the study, suggesting that 12 weeks of progressive Tai chi appears to be an exercise modality that does not produce major exercise-related symptom flares.
We also report negative findings from this trial. Specifically, upper body flexibility was not significantly improved in either group, perhaps because exercise movements were mostly kept below shoulder level to minimize eccentric muscle work-an FM modification. Similarly, neither weight nor BMI was significantly reduced in either group despite baseline obesity. Further investigation is needed to determine the safety and efficacy of Tai chi for overweight persons with FM.
Our symptom findings agree with those reported by Wang (2010) who randomized 66 FM subjects to 12 weeks of twice weekly, 60 min, group 10-form Yang-style Tai chi or group education with gentle stretching [15] . Wang Our interventions differed primarily in that we enrolled one-third more subjects, measured objective functional mobility outcomes and tested an 8-form rather than 10-form Tai chi program. Compared to the 10-form, the 8-form has fewer and simpler sequences intended for clinical populations that are functionally or cognitively challenged [40] . In terms of physical findings, Wang (2010) measured 6-min walk which was significantly improved immediately post intervention (p<0.007). Our study extends this finding by demonstrating significant improvements in static balance, dynamic balance, and timed get-up-and-go. These consistent findings of improvements in objective measures of functional mobility carry important clinical implications, suggesting that FM patients trained in Tai chi may help decrease risk for falls and minimize difficulties in performing essential daily physical activity tasks [41] .
Over 100 conventional exercise interventions for FM have been published;~80 % of them is aerobic or mixedtype (aerobic, strength, flexibility) [7, [42] [43] [44] [45] [46] [47] [48] . A recent [7] . Similarly, 14 strength or stretching studies consistently demonstrated improvements in physical function but inconsistently improved FM symptoms [42, 45] . Studies included in the meta-analysis had a median attrition of 67 % (range 27-90 %), suggesting that some of the interventions themselves were not acceptable. Some early programs dosed the interventions too high (exercise frequency, intensity, and timing), or required medication wash-out with attrition averaging~40 %. Others selected inappropriate modalities such as running, fast dancing, or high intensity aerobics resulting in 62-67 % attrition [49, 50] . Lower intensity or water-based programs fared better with an average attrition of~20 %, and strength training interventions showed attrition at 13 % [42] . Only two rigorous trials [51, 52] examined effects of a 6-month intervention with continued 6-month follow-up, and these had negative findings. FM patients face exercise induced pain or fear of pain in adopting aerobic and other forms of conventional exercise [53] [54] [55] . Substantive mindfulness training is not a usual feature of exercise. Conventional exercise focuses on teaching modified physical movements. However, the findings of this study and our recently published yoga + mindfulness [8] suggest that when movement is intensively combined with mindfulness, FM patients can learn to move mindfully and better accept disagreeable sensations arising during movement, thereby maximizing self-efficacy and long-term adherence to and benefits from exercise. Similarly, the central hypothesis of this study was that because Tai chi is practiced with concurrent substantive moving meditation and mindfulness, it reduced FM severity and pain.
Interventions which are paired with significant mindfulness/meditation/cognitive behavioral training may reduce pain-related fear, increase pain acceptance, and result in greater self-efficacy and long-term adherence. Because pain is a subjective experience influenced by sensory, emotional and cognitive components, more data are needed on the mechanisms by which Tai chi may reduce the sensory component of pain. Quantitative sensory testing (QST), which has the ability to quantify ascending and descending pain processes, has been widely used to characterize pain processing abnormalities in FM [56] , and has the potential to elucidate mechanisms by which Tai chi produces sensory modulation. Previous research has in fact demonstrated Tai chi's ability to alter sensory perception and produce perceptual changes in experienced Tai chi practitioners [57] , though thus far no researcher has investigated the effects of Tai chi on QST variables in FM. QST has been used in an attempt to elucidate mechanisms of pain relief in patients with FM using yoga [58] and deep breathing [59] , demonstrating the potential utility of using QST to better understand the pain relieving effects of Tai chi.
Like pain, the mechanism of action of functional mobility improvement is not fully elucidated in the study. Balance or postural stability is a complex task that involves the rapid and dynamic integration of multiple sensory, motor, and cognitive inputs to execute appropriate neuromuscular activity needed to maintain balance [60] . Two groups have recently reported a significant difference between FM patients and matched controls in multiple balance components with computerized dynamic posturography [33, 61] . Although it is not yet known how Tai chi may improve balance deficits in FM patients, a study in healthy elders that compared Tai chi to standard education demonstrated significant improvement in multiple measures of dynamic posturography, including vestibular ratio in the sensory organization test and directional control in limits of stability testing [62] . Elders are a logical comparison group for FM as three fitness studies have reported balance scores in 40year-old FM subjects to be comparable to 80-year-old healthy elders [16, 33, 63] .
The current study has limitations. In contrast to Wang's (2010) sample, ours was characterized by significantly higher education and less ethnic diversity. Neither study enrolled children or an adequate number of men to meaningfully analyze their data to detect gender differences. One very small, uncontrolled study of Tai chi for men with FM reported improvements in strength and flexibility, but not FM symptoms, suggesting extra caution in interpreting our results relative to men [14] . The interpretation of this and many studies may not fully account for a Hawthone effect of "wishing to please" or other non-specific effects of observation, but this a major reason for carefully matched parallel control groups [64] .
Researchers of complementary and alternative medicine studies, including Tai chi, are struggling to determine the ideal comparison control [65, 66] . On one hand, a double blind study would be possible if one developed and tested "sham" Tai chi. The utility of such a comparison has been questioned by those who advocate instead a single-blind study with adequate attention to expectancy and use of a active comparison condition. Notably, in both our study and Wang's, outcome expectations were similar in both conditions and did not predict symptom change. Placebo effect in single-blinded studies can be further reduced by (1) employing parallel designs rather than wait list controls, (2) stating in the consent form that the researchers are studying two interventions rather than comparing an experimental treatment to usual care plus attention, (3) measuring the effect of treatment expectation after group assignment and use those data as a co-variant in analyses, (4) minimizing effect of contextual variables-use the same environment of exercise studio and testing laboratory, and (5) employing the same interventionist for multiple groups when possible and measuring relationship with interventionist to minimize the effect of the interventionist rather than the intervention, as relationship to provider is a critical contextual variable. Along those lines, we employed a single elderly Tai chi master who delivered 100 % of the intervention. It is possible that her personality or age enhanced outcomes by giving subjects hope and confidence for their own futures. In support of this idea, So reviewed 62 acupuncture studies and concluded that outcomes appeared not to be related to placebo effects or patient expectations, but rather to clientpractitioner relationships [67] . Lastly, the instructor stated her belief that any Tai chi master could easily modify the intervention for FM based on the modification paragraph supplied by KJ and RB. To verify this assertion further study would be needed, examining multiple Tai chi instructors with a wide range of experience carrying out a specific Tai chi protocol modified for FM.
A final limitation in our study was lack of follow-up. Wang et al. [15] , however, completed follow-up 12 weeks after the 12 week intervention. They found continued significance at 24 weeks on total FIQ, pain, PSQI, patient and physician global assessment, SF-36 physical and mental components, and depression. Six-minute walk and selfefficacy trended in the expected direction in the Tai chi condition, but were no longer significantly different between conditions at 24 weeks [15] . Wang et al.'s findings contrast with follow up studies of aerobic exercise for FM, which have shown minimal or no maintenance of most benefits, with a conclusion that continuing exercise is needed to maintain positive effects on pain. Based on our study and Wang et al.'s, the long-term effects of Tai chi in FM remain to be determined.
In summary, two randomized controlled single blind trials indicate that Tai chi holds potential as a useful modality in the multidimensional treatment of FM. Longer studies, with laboratory based evaluation of symptom and fitness change, could deepen our understanding of the mechanisms by which Tai chi improves FM outcomes.
